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Abstract
We present microscopic QCD calculation of the cross section of diffractive DIS and of the par-
tonic structure of the pomeron from the dipole approach to the generalized BFKL pomeron.
We show that the pomeron can not be treated as a particle with uniquely defined structure
function and flux in the proton. We find strong factorization breaking which can approxi-
mately be described by the two-component structure function of the pomeron, each component
endowed with the different flux of pomerons in the proton. We predict very weak Q2 depen-
dence of the diffractive contribution to the proton structure function.
E-mail: kph154@zam001.zam.kfa-juelich.de
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1 Introduction
Much progress in our understanding of the QCD pomeron is expected from experiments on
diffractive deep inelastic scattering (DIS) in progress at HERA. A detailed description of
diffractive DIS in terms of the diffraction excitation of multiparton Fock states of the photon,
γ∗ + p→ X + p′ . (1)
which interact with the target proton by the dipole BFKL pomeron exchange [1-5], was
developed in [1-3]. Extrapolating the Regge theory considerations [6], one can alternatively
view inclusive reaction (1) as DIS on pomerons radiated by protons. This analogy inspired
suggestions [7,8], although conspicuously short of the microscopic QCD derivation, to treat
pomeron as a particle with a well defined partonic structure. Understanding the accuracy,
and limitations, of such a partonic description of inclusive diffractive DIS is a topical issue
which we address here in the framework of the microscopic dipole-cross section approach to
the generalized BFKL pomeron [1-5]. Our principal conclusion is that this only is possible at
the expense of a two-component partonic structure of the pomeron, which leads to a specific
breaking of the conventional parton-model factorization.
We consider DIS at x = Q
2
(Q2+W 2)
≪ 1, followed by diffraction excitation of the virtual
photon into the state X of mass M , where Q2 is the virtuality of the photon and W is the
total energy in the photon-proton center of mass. The variable xIP =
(M2+Q2)
(W 2+Q2)
≪ 1 can
be interpreted as a fraction of proton’s momentum taken away by the pomeron, whereas
β = Q
2
(Q2+M2)
is the Bjorken variable for DIS on the pomeron. Notice that
xIPβ = x . (2)
The final-state proton p′ carries the fraction (1 − xIP) of the beam proton’s momentum
and is separated from the hadronic debris X of the photon by the (pseudo)rapidity gap
∆η ≈ log 1
xIP
≥ ∆ηc ∼>(2.5-3). In the following, we take xIP = x
0
IP
= 0.03 as reference point.
Once the total cross section of photoabsorption on the pomeron σtot(γ
∗IP,M2) is known, the
pomeron structure function can operationally be defined by the standard formula
F
(IP)
2 (x,Q
2) =
Q2
4π2αem
σtot(γ
∗IP,M2) . (3)
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The experimentally measured quantity is dσD(γ
∗ → X)/dtdM2, where t is the (p, p′) momen-
tum transfer squared. Under the assumption of single-pomeron exchange, generalization of
the Regge theory convention [6] gives the operational definition [2,3]
σtot(γ
∗IP,M2) =
16π
σtot(pp)
(M2 +Q2)
dσD(γ
∗ + p→ X + p)
dtdM2
∣∣∣∣∣
t=0
. (4)
This convention assumes that total cross section is asymptotically constant, i.e., the flux of
pomerons in the proton fIP(xIP)/xIP satisfies fIP(xIP) = 1. The generalization of (4) to DIS,
under the strong assumption of factorization of the flux and structure function of pomerons
is 1
(M2 +Q2)
dσD(γ
∗ → X)
dt dM2
∣∣∣∣∣
t=0
= xIP
dσD(γ
∗ → X)
dt dxIP
∣∣∣∣∣
t=0
=
σtot(pp)
16π
4π2αem
Q2
fIP(xIP)F
(IP)
2 (β,Q
2) , (5)
where αem is the fine structure constant, σtot(pp) = 40mb is an energy-independent nor-
malization constant and hereafter we make use of relation (2). Evidently, the above set of
operational definitions only makes sense if the pomeron flux function fIP(xIP) can be defined
in such a way that the Q2 dependence of the r.h.s. of (5) is concentrated in F IP2 (β,Q
2), which
satisfies the conventional QCD evolution. This factorization (convolution) property (5) and
the QCD evolution property of F IP2 (β,Q
2) must be proven starting with the microscopic QCD
treatment of diffractive DIS rather than be postulated.
The QCD (BFKL [9]) pomeron is described by the (generalized) BFKL equation which
recently was reformulated in the dipole-cross section representation [2-5] (somewhat related
approach is also discussed in [10]). In this dipole BFKL approach, the convolution repre-
sentation (5) is problematical for many reasons. For instance, at subasymptotic energies,
the dipole pomeron does not factorize [1-3], and the recent BFKL phenomenology of DIS has
shown [11] that the kinematical domain of HERA is the subasymptotic one. Furthermore, the
naive partonic description of the pomeron was shown to fail in the diffractive jet production
[1,12]. In this communication we demonstrate that, indeed, the convolution (5) breaks down,
but a sort of factorization is restored in a two-component picture, in which the pomeron is en-
dowed with two structure functions, which evolve, according to GLDAP equations [13], from
1Ref. [1] used the factor M2 instead of the (M2 + Q2) in the l.h.s. of Eq. (4). Other conventions are
possible [7,8], but the observable cross sections do not depend on how one factorizes them into the flux and
structure function of pomerons.
3
the initial valence quark-antiquark and the valence gluon-gluon components of the pomeron,
respectively. For these two components, the fluxes of pomerons in the proton are different. In
striking contrast to the case of hadrons, normalizations of the glue and sea components of the
pomeron contain the dimensionfull (triple-pomeron) coupling A∗3IP which has the dimension
[GeV]−2 and absorbs the ensuing infrared sensitivity in the problem. (For the direct calcula-
tion of A∗3IP, discussion of its relation to the conventional triple-pomeron coupling A3IP(Q
2)
and a comparison of A3IP(Q
2) in DIS and real photoproduction see [14]).
The further presentation is organized as follows: In section 2 we derive the valence qq¯ struc-
ture function of the pomeron and the corresponding flux of pomerons φIP(xIP) in the proton.
In section 3 we derive the sea structure function of the pomeron and the corresponding flux
fIP(xIP), which is different from the φIP(xIP). In section 4 we formulate the two-component
description of the pomeron structure function and discuss the breaking of factorization (5).
Predictions for the diffractive contribution FD2 (x,Q
2) to the proton structure function are
presented in Section 5. In the Conclusions section we summarize our major results.
2 The valence quark-antiquark component of the pomeron
The approach [1-3] starts with the microscopic QCD calculation of dσD/dtdM
2|t=0 and a
thorough examination of whether it can be reinterpreted, via Eqs. (3-5), in terms of a GLDAP
evolving pomeron structure function or not. Diffraction excitation of the qq¯ Fock state of
the photon (Fig.1a) has the cross section (hereafter we focus on the dominant diffraction
dissociation of transverse photons)
dσD(γ
∗ → X)
dt
∣∣∣∣∣
t=0
=
∫
dM2
dσD(γ
∗ → X)
dtdM2
∣∣∣∣∣
t=0
=
1
16π
∫ 1
0
dz
∫
d2~r |Ψγ∗(Q
2, z, r)|2σ(x, r)2 =
4π2αem
Q2
∫
dr2
r2
W (Q, r)
[
σ(x, r)
r2
]2
. (6)
Here ~r is the transverse separation of the quark and antiquark in the photon, z and (1 − z)
are partitions of photon’s lightcone momentum between the quark and antiquark, σ(x, r)
is the dipole cross section for scattering on the proton target (hereafter we use σ(x, r) of
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Refs. [11,15]), and the dipole distribution in the photon |Ψγ∗(Q
2, z, r)|2 derived in [16], equals
|Ψγ∗(Q
2, z, r)|2 =
6αem
(2π)2
Nf∑
i
e2i {[z
2 + (1− z)2]ε2K1(εr)
2 +m2qK0(εr)
2} , (7)
where αem is the fine structure constant, ei is the quark charge in units of the electron charge,
mq is the quark mass, ε
2 = z(1 − z)Q2 + m2q and Kν(x) is the modified Bessel function.
Precisely the same dipole cross section enters the calculation of the proton structure function
F p2 (x,Q
2) =
Q2
4π2αem
∫ 1
0
dz
∫
d2~r |Ψγ∗(Q
2, z, r)|2σ(x, r) , (8)
and the scenario [11,15] for σ(x, r) was shown [11] to give a good quantitative description of
the HERA data [17].
The ingredients which allow reinterpretation of the cross section (6) as DIS on the valence
qq¯ state of the pomeron are:
(i) The mass spectrum calculated in [1], which roughly follows
dσD
dM2dt
∣∣∣∣∣
t=0
∝
M2
(Q2 +M2)3
=
1
Q4
β2(1− β) , (9)
is to a good approximation x-independent.
(ii) At largeQ2 the weight functionW (Q, r) isQ2-independent and the diffractive cross section
σD(γ
∗ → qq¯) satisfies the Bjorken scaling [1,16].
(iii) The weight function W (Q, r) is peaked at large, and Q2-independent, hadronic size
r = Rval ∼ 1/mq. There is much semblance to the Q
2-independent spatial separation of the
valence quark and antiquark in the pion, and we can analogously speak of DIS off the valence
qq¯ state of the pomeron. The corollary is that in Eq. (6) the x and β dependence can be
factorized and we can write down the convolution representation
xIP
dσD(γ
∗ → qq¯)
dt dxIP
∣∣∣∣∣
t=0
=
σtot(pp)
16π
·
4π2αem
Q2
φIP(xIP)F
IP
val(β) , (10)
in which the valence qq¯ structure function of the pomeron
F
(IP)
val (β) = Cvalβ(1− β) = 0.27β(1− β) (11)
follows from the mass spectrum (9) ([1], see also [8]), and the flux function φIP(xIP) is defined
by
φIP(xIP) =
∫ 1
0 dz
∫
d2~r |Ψγ∗(Q
2
IP
, z, r)|2σ(xIP, r)
2∫ 1
0 dz
∫
d2~r |Ψγ∗(Q
2
IP
, z, r)|2σ(x0
IP
, r)2
(12)
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subject to the normalization φIP(x
0
IP
= 0.03) = 1. For the definition of the factorization scale
Q2
IP
see below; at large Q2
IP
the flux function φ(xIP) does not depend on Q
2
IP
. Because in
DIS on the valence (anti)quarks β ∼ 1, see Eq. (11), at x≪ 1 we can neglect the distinction
between φIP(x) and φIP(xIP =
x
β
) in (10).
Both the normalization Cval of F
IP
val(β) and the xIP-dependence of the pomeron flux func-
tion φIP(xIP) are controlled by σ(x, r) at the large, nonperturbative, dipole size r ∼
1
mq
. We
take mq = 0.15GeV, which gives a good quantitative description of the real photoabsorption
cross section [15] and nuclear shadowing in DIS [16,18], which are controlled by a similar
dipole size. The flux function φIP(xIP) is shown in Fig. 2. The absolute normalization of the
valence of the pomeron, Cval = 0.27, in (11) is fixed requiring that the convolution (10) gives
the same qq¯ excitation cross section as formula (6). The flavour decomposition of valence
parton distributions vi(β) = Ai(1 − β) is Au = Au¯ = Ad = Ad¯ = 0.20, As = As¯ = 0.11,
Ac = Ac¯ = 0.02 (for a discussion of the flavour asymmetry of diffractive DIS see [1])
2. A
conservative estimate of the uncertainty in σ(xIP, r ∼
1
mq
) is ∼<(15-20)%, and the uncertainty
in our prediction for Cval is ∼<30%. These valence distributions can be used as an input at
Q2 = Q2
IP
= 10GeV2 (this choice is discussed below) for the GLDAP evolution of F IPval(β,Q
2),
which sums the higher order diagrams of Fig. 1b, describing the sea originating from the pure
valence qq¯ pomeron. The predicted Q2-dependence of F IPval(β,Q
2) is shown in Fig. 3.
3 Valence gluons and sea in the pomeron
The mass spectrum (9) for excitation of the qq¯ state rapidly decreases at largeM2 ≫ Q2. The
∼ 1/M2 mass spectrum, typical of the so-called triple-pomeron regime [8,19], first emerges
from diffractive excitation of the qq¯g Fock state of the photon in Fig. 1c [1-3]. The new
parameter which emerges in the lightcone description of the qq¯g1...gn Fock states of the photon
is the correlation (propagation) radius Rc = 1/µG for the perturbative gluons. Following
[5,11,12], we take Rc ≈ 0.27 fm (µG = 0.75GeV) as suggested by lattice QCD studies [20]. The
2Because of a different convention, see footnote 1, the structure function F IP
val
(NZ92, β) = 0.25β(1 − β)2
of Eq. (50) in Ref. [1] contains the extra factor (1− β), apart from that F IP
val
(NZ92, β) is identical to F IP
val
(β)
of the present paper.
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major finding of [2,3] is that, at large Q2 ≫ 1/R2c , the cross section of diffraction excitation
γ∗ → qq¯g takes on the form (where αS(r) is the running QCD coupling in function of r [2])
(Q2 +M2)
dσD
dtdM2
∣∣∣∣∣
t=0
≃
∫
dz d2~r |Ψγ∗(Q
2, z, r)|2 ·
16π2
27
· αS(r)r
2
×
1
2π4
·
(
9
8
)3
·
∫
dρ2
[
σ(xIP, ρ)
ρ2
]2
F(µGρ) (13)
with factorized Q2 and xIP dependence. In (13), the form factor F(z) = z
2 · [K1(z)
2 +
zK1(z)K0(z) +
1
2
z2K0(z)
2]. It is precisely this factorization property which allows to define
the corresponding structure function and the pomeron flux function.
It is convenient to introduce the normalization constant A∗3IP such that
A∗3IPfIP(xIP) =
1
2π4
·
(
9
8
)3
·
∫
dr2
[
σ(xIP, r)
r2
]2
F(µGr) , (14)
where fIP(xIP) is the corresponding flux function, subject to the normalization fIP(x
0
IP
) = 1.
The constant A∗3IP = 0.56GeV
−2 has a meaning, and the magnitude close to that, of the triple
pomeron coupling A3IP(Q
2) (for the more detailed discussion see [14]). Furthermore, one can
introduce the explicit two-gluon wave function of the pomeron [2,3]
|ΨIP(β,~r)|
2 =
1
fIP(xIP)
·
81
8π4
·
1− β
β
·
1
σtot(pp)
[
σ(xIP, r)
r2
]2
F(µGr) , (15)
where ~r is the transverse separation of gluons in the pomeron and β is a fraction of pomeron’s
momentum carried by a gluon. In the wave function (15), the xIP-dependence cancels out
approximately, and it gives the xIP-independent gluon structure function of the pomeron
GIP(β) = βgIP(β) = β
∫
d2~r |ΨIP(β,~r)|
2 = AG(1− β) . (16)
The wave function (15) corresponds to a relatively small transverse size of the gg state of
the pomeron r ∼ Rsea ≈ Rc. In DIS on protons, the onset of GLDAP evolution requires
Q2 ∼> Q
2
N ∼ 2GeV
2 [21]. Then we can argue that, in DIS on the pomeron, GLDAP evolution
becomes applicable at Q2 ∼> Q
2
IP
= Q2N(Rp/Rsea)
2. As factorization scale for the pomeron, we
take Q2
IP
= 10GeV2. Then, Eq. (13) gives the input sea structure function of the pomeron
F IPsea(β ≪ 1, Q
2
IP
) = Csea =
16πA∗3IP
σtot(pp)
·
Q2
IP
4π2αem
·
∫ 1
0
dzd2~r |Ψγ∗(Q
2
IP
, r, z)|2 ·
16π2r2αS(r)
27
. (17)
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Following [2,3], one can easily show that
F IPsea(β,Q
2
IP
) ∝ log
[
1
αS(Q2IP)
]
, (18)
which is the correct QCD scaling violation for the sea structure function which evolves from
the valence gluonic state.
In (15), the ∝ 1/β dependence is a rigorous result [2,3], the factor (1 − β) in (15) is
an educated guess. At β → 1 it makes, in the spirit of the quark counting rules, the two
valence distributions (11) and (15) similarly behaved, and qq¯ sea contribution to the pomeron
structure function behaved as ∼ (1− β)2. As a starting approximation, we take
F IPsea(β,Q
2
IP
) = Csea(1− β)
2 = 0.063(1− β)2 (19)
with the normalization which follows from Eq. (17) and only slightly differs from the estimate
of Ref. [1]. The flavour decomposition of the input sea in the pomeron is q(i)sea(β,Q
2
IP
) =
q¯(i)sea(β,Q
2
IP
) = A(i)sea(1− β)
2, is A(u)sea = A
(d)
sea = 0.048, A
(s)
sea = 0.040, A
(c)
sea = 0.009. Finally,
AG =
∫
d2~r
{
β|ΨIP(β,~r)|
2
}
β=0
=
128π
9
·
A∗3IP
σtot(pp)
= 0.28 . (20)
This fully specifies the (parameter-free) input for the Q2 evolution of the pomeron structure
function F IPsea(β,Q
2), which originates from the gluonic component of the pomeron. QCD
evolution sums the diagrams of Fig. 1(c,d), the result of evolution of F IPsea(β,Q
2) is shown in
Fig. 3. F IPsea(β,Q
2) takes over F IPval(β,Q
2) at β ∼< 0.2, as it was predicted in [1].
Regarding the accuracy of our estimates for Csea and AG, we wish to recall that real
photoproduction of the J/Ψ [22], exclusive leptoproduction of the ρ0 at Q2 ∼<(10-20)GeV
2
[23] and color transparency effects in the J/Ψ [24] and ρ0 [25] production on nuclei probe the
(predominantly nonperturbative) dipole cross section at r ∼ 0.5 fm∼< 2Rc [15,26-28]. Real, and
weakly virtual Q2 ∼ 10GeV2, photoproduction of the open charm probes the (predominantly
perturbative) dipole cross section at r ∼ 1
mc
∼ 1
2
Rc [11,15]. The proton structure function
F p2 (x,Q
2) probes the dipole cross section in a broad range of radii from r ∼ 1 fm down to r ∼
0.02 fm [11,21]. Successful quantitative description of the corresponding experimental data in
[11,15,26-28] implies that we know the dipole cross section σ(xIP, r ∼ Rc) to a conservative
uncertainty ∼<(15-20)%, and our predictions for Csea and AG have an accuracy ∼< 30%.
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4 The two-component structure function of the pomeron
and the factorization breaking
The two fluxes φIP(xIP) and fIP(xIP) are not identical (Fig. 2), because their xIP-dependence
is dominated by σ(xIP, r ∼ Rval) and σ(xIP, r ∼ Rsea), respectively, the latter having a faster
growth with 1
xIP
[11,15]. This is a solid dynamical prediction from the subasymptotic BFKL
pomeron, to be contrasted to conjectured forms of the universal flux of pomerons [6,7]. Only
at very large 1
xIP
≫ 1, well beyond the kinematical range of HERA, the two fluxes shall have
a similar 1
xIP
-dependence. Then, the two-component convolution formula for the diffractive
DIS cross section reads:
xIP
dσD
dt dxIP
∣∣∣∣∣
t=0
=
4π2αem
Q2
·
σtot(pp)
16π
·
[
φIP(xIP)F
IP
val(β,Q
2) + fIP(xIP)F
IP
sea(β,Q
2)
]
=
4π2αem
Q2
·
σtot(pp)
16π
· ΦD(x, β,Q
2, t = 0) . (21)
It is convenient to study the factorization breaking in terms of the two ratios
r1(β, xIP) =
ΦD(x = xIPβ, β,Q
2, 0)
ΦD(x = x0IPβ, β,Q
2, 0)
and r2(xIP, β) =
ΦD(x = xIPβ, β,Q
2, 0)
ΦD(x = xIPβ0, β0, Q2, 0)
(22)
and study their xIP and β dependence, varying x at fixed β and xIP, respectively. If the
two fluxes were identical, φIP(xIP) = fIP(xIP), then Eq. (21) would have reduced to the
naive parton model convolution (5) with the consequence that r1(β, xIP) = fIP(xIP) would
be independent of β, whereas r2(xIP, β) would be independent of xIP. Our two-component
picture predicts a strong factorization breaking,
r1(β ∼> 0.3, xIP) ≈ φIP(xIP) 6= r1(β ≪ 0.1, xIP) ≈ fIP(xIP) , (23)
with the ∼ 80% (∼ 30%) departure of fIP(xIP) from φIP(xIP) as xIP decreases from xIP = 0.03
down to xIP = 10
−4 (xIP = 10
−3), see Fig. 2. Similarly, the results from our two-component
picture for r2(xIP = 0.03, β) and r2(xIP = 0.0001, β) show a large, ∼ 50%, factorization
breaking (Fig. 4) at β < 0.1.
Above we focused on the forward diffraction dissociation, t = 0. In [1-3,16] we argued
that excitation of the valence of the pomeron is the counterpart of diffraction production
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of resonances in the hadronic scattering and/or real photoproduction, which have the slope
of the t-dependence close to that of the diffraction slope of elastic scattering Bel, whereas
excitation of the sea of the pomeron is the counterpart of the triple-pomeron regime with
B3IP ∼
1
2
Bel. The hadronic and real photoproduction data give B3IP ≈ 6GeV
−2 [19,29] to
an uncertainty ∼< 25%. Then, the extension of (21) to the non-forward diffractive DIS, which
can be studied at HERA when the ZEUS and H1 leading proton spectrometers will be in
operation, reads
ΦD(x, β,Q
2, t) = φIP(xIP)F
IP
val(β,Q
2) exp(−Bel|t|) + fIP(xIP)F
IP
sea(β,Q
2) exp(−B3IP|t|) . (24)
Because of the different t dependence of φIP(xIP) exp(−Bel|t|) and fIP(xIP) exp(−B3IP|t|) we
predict a t-dependent factorization breaking. Finally, the t-integrated mass spectrum equals
xIP
dσD
dxIP
=
4π2αem
Q2
·
σtot(pp)
16πB3IP
·
[
B3IP
Bel
· φIP(xIP)F
IP
val(β,Q
2) + fIP(xIP)F
IP
sea(β,Q
2)
]
(25)
and is different [1-3] from the mass spectrum in the forward, t = 0, dissociation for the
emergence of the factor B3IP/Bel ≈ 1/2 in the first term in the r.h.s. of (25), which makes
the relative contribution from M2 ∼ Q2 to the inclusive mass spectrum smaller than at
t = 0. This prediction can be tested at HERA after the data taking with leading proton
spectrometer.
5 Diffractive contribution to F p2 (x,Q
2)
The total diffraction dissociation cross section σD =
∫
dtdM2[dσD/dtdM
2] defines the diffrac-
tive contribution FD2 (x,Q
2) = Q
2
4pi2αem
σD to the proton structure function F
p
2 (x,Q
2),
FD2 (x,Q
2) =
σtot(pp)
16πB3IP
∫ xc
IP
x
dxIP
xIP
[
B3IP
Bel
· φIP(xIP)F
IP
val(
x
xIP
, Q2) + fIP(xIP)F
IP
sea(
x
xIP
, Q2)
]
, (26)
where the numerical factor σtot(pp)/16πB3IP ≈ 0.3 to an, ∼< 25%, uncertainty coming from
the uncertainty in B3IP, which can eventually be reduced with the advent of the HERA
measurements of B3IP. Here x
c
IP
is subject to the experimental (pseudo)rapidity gap cutoff
used to define the diffractive DIS, ∆η ∼> ∆ηc ≈ log
1
xc
IP
. In hadronic interactions with the
recoil-proton tagging of diffraction dissociation, the pomeron exchange mechanism was shown
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to dominate at xIP ∼< x
c
IP
= (0.05-0.1) [19,29]. The preliminary data from HERA correspond
to rather a conservative cutoff xc
IP ∼< 0.01 [30,31].
In Fig. 5 we present our predictions for the diffractive structure function FD2 (x,Q
2). The
strikingly weak Q2-dependence of FD2 (x,Q
2) has its origin [1,16,32] in the fact that F IPval(β,Q
2)
and F IPsea(β,Q
2) enter the integrand of (26) at large values of β = x/xIP such that the predicted
scaling violations, shown in Fig. 3, are still weak. Furthermore, the fluxes φIP(xIP) and fIP(xIP)
rise towards small xIP, enhancing the contribution from large β and further minimizing the
Q2 dependence of FD2 (x,Q
2). We predict a steep rise of the diffractive structure function at
large 1
x
, which predominantly comes from the rapid rise of the flux function fIP(xIP). Fig. 5
also shows a sensitivity of predicted FD2 (x,Q
2) to the value of xc
IP
(the minimal rapidity
gap ∆ηc ). We find a good agreement with the H1 estimates [31] for F
D
2 (x,Q
2). Notice
that our calculation does not include a possible enhancement of the H1 and ZEUS values of
FD2 (x,Q
2) for the unrejected diffraction excitation of protons into proton resonances and/or
multiparticle states which escaped into the beam pipe. From the hadronic interaction data
[19], we can conclude that possible overestimation of FD2 (x,Q
2) by the H1 and ZEUS can
not exceed, and, presumably, is significantly smaller than, 30%. Our results for the ratio
rD(x,Q
2) = FD2 (x,Q
2)/F p2 (x,Q
2) are shown in Fig. 6. The steady decrease of rD(x,Q
2) with
Q2 was predicted in [1,16] and predominantly comes from the scaling violations in the proton
structure function. The overall agreement with the H1 [31] and ZEUS [33] results is good.
6 Conclusions
The purpose of this study has been a calculation of the parton distributions in the pomeron
starting with the microscopic dipole BFKL pomeron. We have shown that the pomeron must
be endowed with a two-component structure function, the two components being related to
the initial valence qq¯ and the valence gg states of the pomeron and entering the description
of diffractive DIS with different fluxes of pomerons in the proton. The predicted breaking of
the conventional parton-model factorization is strong and can be tested with higher precision
data from HERA. We have presented parameter-free predictions for the pomeron structure
function and for diffractive contribution to the proton structure function, which agree with
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the first experimental data from HERA.
It is worthwhile to notice that the two-component structure function of the pomeron is by
itself an approximation. For instance, the xIP- and r-dependence of the dipole cross section
σ(xIP, r) do not factorize [2-5,11,15] and the dipole size r ∼ Rval(xIP), Rsea(xIP), from which
comes the dominant contribution in (6) and (16), changes with xIP. Consequently, the span
of the QCD evolution which is given [11,21] by log[Q2R2val(xIP)], log[Q
2R2sea(xIP)], it changes
with xIP, breaking the factorization (10,21) slightly. Numerically, in the region of (xIP, Q
2) of
interest at HERA, the variations of Rval(xIP) and Rsea(xIP) are still much smaller than the
large difference between Rval and Rsea which is the origin of the two-component description.
Because of the small Rsea, at Q
2
∼< Q
2
IP
= 10GeV2, significant departure of the Q2 evolution
of F IPsea(β,Q
2) from the GLDAP evolution is possible. A detailed description of transition
from the real photoproduction Q2 = 0 to DIS will be presented elsewhere.
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Figure captions
Fig.1 - The diffraction excitation diagrams describing DIS on (a) valence qq¯ of the pomeron,
(c) the valence-glue generated sea of the pomeron and (b,c) the Q2-evolution effects.
Fig.2 - Predictions from the dipole BFKL pomeron for flux functions φIP(xIP) (dashed curve)
and fIP(xIP) (solid curve) for the F
IP
val(β,Q
2) and F IPsea(β,Q
2) components of the pomeron
structure function, respectively, and the ratio of the two fluxes (the bottom box).
Fig.3 - Predictions from the dipole BFKL pomeron for theQ2-evolution of components F IPval(β,Q
2)
(solid curves) and F IPsea(β,Q
2) (dashed curves) of the pomeron structure function.
Fig.4 - Predicted factorization breaking in the β distribution r2(xIP, β) at xIP = 0.03 (solid
curve) and xIP = 0.0001 (dashed curve). We take β0 = 0.5 and Q
2 = 25GeV2.
Fig.5 - Predictions from the dipole BFKL pomeron for the diffractive contribution FD2 (x,Q
2)
to the proton structure function. The solid and dotted curves are for xc
IP
= 0.01 and
Q2 = 10 and Q2 = 100GeV2, respectively. The dashed and dot-dashed curves are for
Q2 = 10GeV2 and rapidity-gap cuts xc
IP
= 0.003 and xc
IP
= 0.03, respectively. The data
points are from the H1 experiment [31].
Fig.6 - Predictions for the (a,b,c) Q2 and (d) x dependence of the fraction rD(x,Q
2) =
FD2 (x,Q
2)/F p2 (x,Q
2) of DIS on protons which goes via diffraction dissociation of photons
for the cut xc
IP
= 0.01. The data points are from the H1 [31] and ZEUS [33] experiments.
The data points shown in the box (d) are for the lowest Q2 bins in boxes (a-c).
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